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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to gas separations. More par- 
ticularly, it relates to the enhanced production of oxygen 
from air. 

Description of the Prior Art 

Adsorption processes have been widely used for 
the separation and purification of gases. High surface- 
area sorbertts have an affinity for adsorbing gas mole- 
cules on the surface thereof. The quantity of gas 
adsorbed depends on the specific sorbent employed, on 
the gas being adsorbed, and on the temperature and 
pressure conditions under which the adsorption opera- 
tion is carried out For most sorbents, the quantity 
adsorbed increases as the partial pressure of the gas 
component being adsorbed increases and as the 
adsorption temperature decreases. Thus, the amount of 
gas adsorbed can be increased by decreasing the 
adsorption temperature. In most practical applications, 
it is necessary to desorb the adsorbed gases so as to 
regenerate the sorbent to enable the adsorption proc- 
ess to be repeated on a cyclic basis. The desorption 
step proceeds best at high temperatures and low pres- 
sures. For such practical applications, therefore, either 
the pressure or the temperature, or both, must change 
or "swing" on a cyclic basis between the adsorption and 
desorption steps. These two basic approaches for gas 
separation are called pressure swing adsorption (PSA) 
and temperature swing adsorption (TSA). 

In recent years, PSA processes have been devel- 
oped for the production of oxygen and nitrogen from air. 
In such processes, feed air is passed to an adsorption 
bed containing sorbent capable of. selectively adsorb- 
ing a more readily adsorbable component from air, i.e. 
either nitrogen or oxygen, while the less readily adsorb- 
able component is discharged from the adsorption bed. 
While the behavior of such PSA processes is clearly 
influenced by the temperature conditions under which 
adsorption and desorption take place, most PSA proc- 
esses have been designed to operate under generally 
ambient temperature conditions without the use of spe- 
d/tic means for controlling the temperature conditions 
pertaining to the adsorption operation. 

DE-A-2 221 379 discloses a process and system 
for the separation of a gas mixture according to the pre- 
characterizing portion of claim 1 and claim 11, respec- 
tively. However, in this prior adsorption system an 
adsorption vessel is used that comprises two adsorp- 
tion beds between which a thermal buffer section is 
positioned. 

In PSA systems, heat is liberated upon adsorption, 
and heat is taken up by the sorbent upon desorption. 
The temperature of the adsorption bed thus tends to 



rise during the adsorption step, while the temperature of 
said bed drops during the desorption step. The temper- 
ature change is most pronounced during the portion of 
the overall PSA cycle in which the adsorption bed is 

5 being pressurized to an upper adsorption pressure or is 
being depressurized to a lower desorption pressure, 
provided that the adsorbent is essentially free of 
strongly-adsorbed impurities that can only be desorbed 
effectively by purging and that act to prevent adsorption 

10 of less strongly adsorbed components. Pressurization 
and depressurization of the open gas spaces in an 
adsorption system, such as the distributor means or 
headspaces in vessels used to contain the bed of sorb- 
ent material, also causes temperature changes by the 

is reversible work done by compression and expansion of 
gases therein. In a dynamical process such as the PSA 
process, much of the heat of adsorption and compres- 
sion is transferred to the flowing feed gas, e.g. air, 
stream and is carried out of the adsorption bed. In typi- 

20 cal PSA processing, such as that used for the produc- 
tion of oxygen and/or nitrogen from air, the forward flow 
of gas during adsorption exceeds the backward flow of 
gas during desorption. As a result there is a net flow 
forward of enthalpy, which tends to reduce the average 

25 temperature of the adsorption beds employed in a PSA 
system when the temperature oscillations therein are 
greater than in the region near the entrance to the beds. 

The effect of temperature on PSA processes for 
producing oxygen from air is discussed by lzami et al. 

30 "High Efficiency Oxygen Separation with Low Tempera- 
ture and Low Pressure PSA", AlChE, San Francisco, 
California, November, 1989. Five different molecular 
sieve type sorbents capable of selectively adsorbing 
nitrogen from feed air were investigated in the reported 

35 study, including Na-X (with two different Si/AI ratios). 
Ca-A, Ca-X, and Si-X. It was found that the sorbents 
with alkaline earth cations (Ca and Sr) showed the best 
N2/O2 separation factors at near room temperature, 
whereas the separation factor peaked for the Na-X 

40 sorbents at about -30°C. In all cases, the nitrogen stor- 
age capabilities increased as the temperature 
decreased, as would be expected from adsorption the- 
ory as discussed above. Bench-scale process tests with 
Ca-A and Na-X sorbents confirmed that the Ca-A sorb- 

45 ertt performed best between 0°C and room tempera- 
ture, whereas Na-X sorbent performed best at 
temperatures well below 0°C. In these tests, the adsorp- 
tion beds were thermostated and were effectively main- 
tained at a fixed temperature. Larger-scale pilot tests 

so were also performed with Na-X adsorbent material. 
Cooling coils were incorporated into the bed, and a 
heat-regenerator section was also employed between a 
desiccant section used to dry incoming feed air and the 
adsorbent bed to achieve bed temperatures lower than 

55 that of the feed gas stream. Such tests confirmed that 
the adsorption efficiency was increased, and the cost 
decreased, when the adsorption temperature was 
decreased to a nominal value of -15°C. The tests oper- 
ated more nearly under adiabatic than isothermal condi- 
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tions, and the temperatures were not uniform. These 
tests show that it is advantageous to operate the PSA 
process with Na-X adsorbent at sub-ambient operating 
temperatures. External refrigeration was used to 
achieve the desired low adsorbent bed temperature. An 
optimum desorption pressure of about 0.3 bar (0.3 
atmospheres) was likewise employed. 

Contrary to the above, however, others have found 
that low adsorbent bed temperatures adversely effect 
PSA system performance. Collins, U S-A-3 973 931, 
has disclosed that very large axial temperature varia- 
tions can occur in superatmospheric PSA processes for 
producing oxygen from air. Temperature variations of 
more than 50°C were observed in adsorbent beds of 
zeolitic molecular sieve material. A very targe tempera- 
ture gradient was found to be established near the feed 
end of the bed leading to a temperature minimum at 0.3 
m (a foot) or so from the feed end of the bed, with grad- 
ually rising temperatures existing throughout the rest of 
the bed. After repetitive adsorption-desorption cycling, 
the temperature profile persisted with only slight varia- 
tion with each cycle. Collins found that these tempera- 
ture variation conditions were detrimental to the purity 
and recovery of oxygen using such superatmospheric 
PSA cycles. As a result, US-A-3 973 931 taught that 
improved operation results from heating the feed air 
stream by at least 20°F (11°C). Although the operating 
data presented shows that a large axial temperature 
variation persists, the minimum bed temperature is 
thereby raised, as are the temperatures throughout the 
rest of the adsorbent bed. US-A-3 973 931 attributes the 
inlet end temperature depression to an "inadvertent 
heat regenerative step" and shows that the temperature 
depression is greatest when water vapor impurity is 
being adsorbed from the feed stream in this inlet region 
of the bed. US-A-3 973 931 proposes several means for 
raising the feed stream temperature, including control- 
ling or partially bypassing the feed air compressor after- 
cooler. The beat of feed air compression is more than 
adequate to produce the somewhat higher feed air tem- 
peratures used for improved processing in accordance 
with the practice of the teachings of US-A-3 973 931 . 

The PSA-air separation art thus contains differing 
teachings as to the choice of adsorbent materials, the 
pressure levels for adsorption and desorption, and the 
recommended operating temperature levels, with tem- 
peratures both above and below ambient temperatures 
being recommended. Nevertheless, as indicated above, 
most commercial PSA-air separation processes are 
operated under ambient conditions without temperature 
control and without particular regard to the heat effects 
that occur during the cyclic adsorption-desorption oper- 
ations. 

There is, of course, a desire in the art to improve 
PSA operations so as to more fully satisfy the ever- 
increasing requirements of practical commercial air and 
other gas separation operations. Such desire in the art 
relates particularly to enhancing the recovery of oxygen 
or other desired products with advantageous PSA sys- 



tems that utilize rather than disregard the heating 
effects that occur in the course of cyclic PSA operations. 
For such enhanced operations, however, it is desirable 
that the PSA systems avoid the use of relatively expen- 
5 sive auxiliary equipment, such as the external refrigera- 
tion employed in accordance with the teachings of Izami 
etal. 

ft is an object of the invention to provide an 
improved PSA process and apparatus for the produc- 
w tion of oxygen from air, and other desirable gas separa- 
tions. 

ft is another object of the invention to provide a PSA 
gas separation process and apparatus utilizing the heat 
effects that occur in the course of the cyclic adsorption- 

15 desorption PSA sequence so as to avoid the need for 
external refrigeration. 

It is a further object of the invention to provide a 
PSA process and system for enhancing the overall effi- 
ciency and economy of oxygen production from feed air. 

so With these and other objects in mind, the invention 
is hereinafter described in detail, the novel features 
thereof being particularly pointed out in the appended 
claims. 

25 SUMMARY OF THE INVENTION 

The invention comprises a PSA process and sys- 
tem in which means are provided for the controlled 
retention of internally generated, self-refrigeration so 
30 that the average temperature of the adsorbent bed is 
reduced. The overall efficiency and economy of the air 
separation process is thereby enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

The invention is hereinafter further described with 
reference to the accompanying drawings in which: 

Fig. 1 is a schematic drawing of an embodiment of 
40 a self-refrigerating PSA adsorbent bed of the inven- 
tion; and 

Fig. 2 is a process flow diagram of a typical two bed 
PSA system. 

45 DETAILED DESCRIPTION OF THE INVENTION 

The objects of the invention are accomplished by 
operating a PSA process and system at a bed tempera- 
ture below the ambient with the required refrigeration 

so being supplied internally without the need for externally 
supplied refrigeration. By thus retaining and utilizing the 
internal refrigeration effects of the PSA cycle so that the 
average temperature of the adsorbent bed is reduced, 
the overall efficiency and economy of the PSA air or 

55 other gas separation operation are enhanced. 

The desired high performance oxygen separation 
from air and other gas separations are obtained, in the 
practice of the invention, using a PSA system as herein 
described, incorporating zeolitic molecular sieve 
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adsorbent e.g. type Na-X, and operated at adsorp- 
tion/desorption pressure conditions as herein specified. 
The forward flow of enthalpy exceeds the backward flow 
thereof, thus creating a net refrigeration that effectively 
lowers the average temperature of the adsorbent beds. 
The loss of such refrigeration is precluded by the com- 
bination of vessel insulation, the filling of the end ^aces 
in the adsorbent vessels containing the adsorbent beds, 
and the use of heat-regenerator regions at the feed end 
of the beds, typically the bottom end, as well as 
between the desiccant commonly used to dry incoming 
feed air and the adsorbent beds. Thus, the invention 
does not require the use of external refrigeration. The 
amount of self-regenerated refrigeration that is retained 
can be controlled by the design characteristics of the 
heat-regenerator regions and the amount of insulation 
employed. Fine adjustment and control of the average 
bed temperature is achieved by control of the feed gas, 
e.g. air temperature, which is accomplished by adjusting 
the degree of cooling achieved in the compressor after- 
cooler. 

In the equilibrium-type PSA processing achieved 
using the zeolite molecular sieve adsorbents referred to 
herein, the more readily adsorbable or heavier compo- 
nent(s) of the feed gas passed to the bed at an upper 
adsorption pressure are selectively adsorbed and form 
an adsorption front that passes from the feed end of the 
bed toward the product end thereof, while the less read- 
ily adsorbable or lighter component(s) pass through the 
bed and are recovered from the product end thereof at 
the upper adsorption pressure for further processing 
and/or use downstream. In such equilibrium-type 
processing, nitrogen comprises the more readily 
adsorbable component, and oxygen comprises the less 
readily adsorbable component of feed air. Upon com- 
pletion of this adsorption step, the bed can, optionally, 
be cocurrently depressurized to an intermediate pres- 
sure level by the release of gas from the product end of 
the bed, with the released gas being used for pressure 
equalization with another bed in the system and/or as 
purge gas for another bed. During this time, the adsorp- 
tion front of more readily adsorbable component 
advances further toward the product end of the bed, but 
without breakthrough therefrom. The bed is then coun- 
tercurrently depressurized to a lower desorption pres- 
sure by release of gas from the feed end of the bed, with 
or without subsequent purge at said lower desorption 
pressure level to enhance the desorption and removal 
of the more readily adsorbable component, e.g. nitro- 
gen in air separation, from the bed. Upon completion of 
this desorption/purge step, the bed may be partially 
repressurized to an intermediate pressure by the intro- 
duction of oxygen-rich product at the product end of the 
bed. Subsequently, the bed is repressurized to its upper 
adsorption pressure as the cyclic PSA processing 
sequence is continued, with additional quantities of feed 
air being passed to the bed during each succeeding 
adsorption step. In a typical PSA cycle of the type 
described, the forward flow of gas exceeds the back- 



ward flow of gas in the bed, resulting in a net flow for- 
ward. 

The temperature of each adsorbent bed varies with 
position and time during the cyclic PSA operations. 

5 Pressure changes are found to have a dominant effect 
on the local temperature within the bed. Decreasing the 
pressure typically decreases the temperature of both 
the gas in the bed and the adsorbent material. Decreas- 
ing the pressure in the open gas spaces in the adsorp- 

w tion vessel also decreases the local gas temperature 
therein. The decrease in temperature with decreasing 
pressure causes the average temperature of the back- 
ward-flowing low-pressure gas stream to be lower than 
that of the forward-flowing high pressure gas stream. 

15 For the typical PSA cycles of the type referred 
herein, it has been found that the forward flow of 
enthalpy initially exceeds the backward flow of enthalpy 
and that there is a net forward flow of enthalpy out of the 
bed through the product end thereof. While such condi- 

20 tions persist the bed temperature will tend to decrease 
until the enthalpy flows balance and a dynamical steady 
state is established. While it has been found that most 
systems tend toward a steady state, some instances 
have been observed where there is an uncontrolled 

25 temperature runaway, when suitable means of tempera- 
ture control are not employed. 

The local temperature shift in the bed is greatest 
where the local change in total adsorption of the more 
readily adsorbable. and some less readily adsorbable 

30 component, on the adsorbent is greatest. For the PSA- 
oxygen process of the invention, the greatest adsorption 
change is due to the adsorption of nitrogen, and some 
oxygen, near the feed end of the bed after removal of 
water vapor and carbon dioxide from the feed air in the 

35 drying region of the bed. Upstream of this region of 
greatest adsorption change in the bed, the adsorption of 
water vapor and carbon dioxide generates heat and can 
also cause large temperature changes, but these 
changes mainly occur in such a way that the forward 

40 and backward gas flows have nearly equal average 
temperatures. However, in order to return the refrigera- 
tion produced as a result of desorption in the drying 
region of the bed, a thermal regenerator zone is posi- 
tioned at the feed end of the bed upstream of the drying 

45 section of the bed, as shown in Fig. 1 of the drawings. In 
the nitrogen adsorption region, the bacWIow may be as 
much as 90% of the forward flow from the feed end of 
the product of the bed. Such conditions, combined with 
large differences in the temperatures of the forward and 

so backward flowing gas streams, result in a large depres- 
sion in local bed temperature. These differences in the 
thermal behavior of different zones lead eventually to 
large axial temperature gradients in the beds, enhanced 
by the regenerators of the invention. 

55 In Fig. 1 , a self-refrigerating PSA bed of the inven- 
tion is shown positioned within an adsorption vessel 
generally represented by the numeral 1. Said vessel 
has feed air inlet conduit 2 through which feed air 
passes to bottom distributor means 3. First thermal 



4 



7 



EP 0 537 597 B1 



8 



regenerator zone 4, which was referred to above, is 
positioned above said distributor space or means 3 
upstream of, i.e., below, drying section 5. The down- 
stream, i.e. , upper portion, of said drying section 5 com- 
prises a second thermal regeneration zone 6, as 5 
described herein. Adsorbent bed 7 is positioned above 
said drying section 5 within vessel 1 , and is the principal 
region therein for the desired selective adsorption of 
nitrogen from air. Above adsorbent bed 7, vessel 1 
includes upper distributor space or means 8 and prod- 
uct oxygen discharge conduit 9. insulated walls 1A are 
provided for vessel 1 so as, in combination with other 
elements of the invention, to block the loss of refrigera- 
tion from the vessel. Such other elements include the 
filling of the bottom distributor space as herein provided 
and the use of one or two thermal regenerator zones in 
particular embodiments of the invention. One such 
regenerator zone, as indicated above, is positioned at 
the feed end of the vessel immediately downstream of 
the bottom distributor space, and the other comprises 
the downstream portion of the preliminary drying sec- 
tion, if employed, immediately upstream of the principal 
adsorbent bed region employed in the desired air sepa- 
ration purposes. 

The temperature shift of a bed of zeolitic molecular 
sieve, e.g., type Na-X material, initially in equilbrium 
with air, is generally about -5°C when the bed pressure 
is changed from 125 kPa to 50 kPa. For pure nitrogen 
subjected to the same depressurization, the tempera- 
ture shift would be about -6°C, while for pure oxygen the 
shift would be only about -2°C. This is expected since 
nitrogen is more strongly adsorbed and has a higher 
heat of adsorption than oxygen. For the indicated shift 
of -5°C. with a backflow of about 90% of the forward 
flow, the temperature depression has been determined 
to be about -45°C. This depression will likely occur near 
the feed end of the nitrogen adsorption zone, i.e., 
adsorbent bed 7 of Fig. 1, with smaller temperature 
depressions occurring further downstream in the bed. 
Thus, a substantial amount of internal refrigeration is 
generated spontaneously in the course of such transat- 
mospheric PSA processing cycles. Such internally gen- 
erated refrigeration is found to be even larger for 
superatmospheric high-pressure PSA cycles, confirm- 
ing the observations of Collins. 

fn the illustrative practice of the invention so as to 
control the retention of internally generated, self-refrig- 
eration and reduce the average temperature of the 
adsorbent bed, simulations based on adsorption and 
desorption pressures of 125 and 50 kPa, respectively, 
were employed for PSA processing operations employ- 
ing type Na-X zeolitic molecular sieve adsorbent to 
achieve oxygen production of 1 5 tons/day at a purity of 
93% oxygen. 

The insulated PSA vessel comprises, for example, 
a bottom distributor space of about 15.2 cm (6") in 
height, a 2.54 cm (1") regenerator section, an 20.3 cm 
(8*) drying section containing desiccant for the removal 
of water, carbon dioxide, heavy hydrocarbons and the 



like, a 127 cm (50") adsorbent section for the selective 
adsorption of nitrogen from feed air, and a top distributor 
space of about 17.8 cm (7"). Conventional insulation 
about 5.1 cm (2") thick was employed to minimize the 
loss of refrigeration in the vessel. For purposes of the 
invention, the bottom distributor space or means is filled 
with 0.8 cm (5/16 inch) conductive brass spheres to 
suppress thermal cycling due to work of compression 
and expansion of the gas therein. The spheres serve to 
decrease the total gas volume therein by on the order of 
about 60% so as to directly decrease the work of com- 
pression and expansion, and the thermal cycling, by the 
same amount. In addition, the conductive spheres 
absorb and release heat from the gas and thus sup- 
press the thermal cycling still further. The increase in 
nitrogen adsorbent temperature due to the work of com- 
pression and expansion in the distributor means is 
found to be proportional to the product of the distributor 
means void volume times the pressure swing divided by 
the net oxygen product rate. Thus, the distributor means 
void volume should be kept lowxompared to net prod- 
uct flow rate, especially when the difference between 
adsorption pressure and desorption pressure is large. 

The first or lower regenerator section is filled with 
copper spheres with a particle size of 1.68 mm to 2.0 
mm (10 x 12 mesh) contained between separator 
screens to prevent loss of the spheres or the intrusion 
therein of adsorbent particles from the adsorbent bed 
section of the vessel. This regenerator section is 
adapted to pick up low level refrigeration from the down- 
flowing gas streams and to release such refrigeration to 
the upflowing gas streams, tt is needed when the drying 
section must handle high concentrations of water and 
other contaminants of feed air that have high heats of 
adsorption, and when no drying section is employed. 
This regenerator section is also needed if the desiccant 
used in the drying section can adsorb significant 
amounts of nitrogen or oxygen/argon from the feed air 
stream. 

As indicated above, the desiccant layer is needed to 
remove strongly adsorbed impurities, such as water 
vapor, carbon dioxide and heavy hydrocarbons, before 
they reach the nitrogen adsorbent region of the adsorb- 
ent vessel. Such impurities are more difficult than nitro- 
gen to desorb from the nitrogen selective adsorbent and 
would, as a result, lower performance of the PSA sys- 
tem. In addition, such impurities would decrease the 
thermal cycling in the nitrogen adsorbent region and 
would, as a result, decrease the self-refrigeration 
effects desired in the practice of the invention. On the 
other hand, the desiccant should not adsorb significant 
amounts of nitrogen, oxygen or argon, as such unde- 
sired adsorption would hurt the performance of the des- 
iccant layer. In typical practice, the desiccant layer will 
mainly operate near the temperature of the feed air 
stream, i.e., higher than the temperature of the nitrogen 
adsorbent region. 

If the desiccant employed is alumina or another rel- 
atively heavy adsorbent material, the desiccant parti- 
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cies employed may be smaller than those used for the 
nitrogen selective adsorbent since they will not be so 
easily lifted and f tuidized by the upf low streams. 

No separate second regenerator section is needed 
between the desiccant layer and the sorbent bed, when 
the first regenerator section is performing well, since the 
top portion of the desiccant layer itself will act as a suf- 
ficient regenerator section, while also acting to com- 
plete the removal of the strongly-adsorbed impurities. 

The nitrogen selective adsorbent region is filled 
with beds of sodium X zeolite with a particle size of 1 .68 
mm to 2.38 mm (8 x 12 mesh beds) and having a sil- 
ica/alumina ratio of about 2.0, with less than 5g/kg water 
loading. 

The top distributor means is packed with spheres or 
other objects to reduce compression energy loss, but 
there is no need to reduce thermal cycling at said top 
distributor means. Such thermal cycling does not signif- 
icantly interfere with self-refrigeration of the nitrogen 
adsorbent region of the vessel. It should also be noted 
that no regenerator is needed between the top distribu- 
tor space and the nitrogen adsorbent region since little 
heat will be conducted downward into the nitrogen 
adsorbent region from the top distributor space in any 
event. 

Since the major drop in temperature occurs 
between the desiccant layer and the nitrogen adsorbent 
region that must operate at low temperature, it may not 
be readily apparent why, in the practice of the invention, 
a first regenerator section is positioned in the vessel 
below the desiccant layer. The reason for locating said 
first regenerator section below the desiccant layer is to 
prevent heat of adsorption of water from pumping heat 
into and through the desiccant layer and thence into the 
nitrogen adsorbent region. Water adsorbed at high con- 
centration from the air feed entering the desiccant layer 
causes a temperature rise at the bottom end of said 
desiccant layer. The feed air flow picks up the heat as 
enthalpy and carries it a short distance upward. During 
the low pressure downward flow steps of the overall 
PSA cycle, desorption of the water refrigerates the bot- 
tom end of the desiccant layer and refrigerates the down 
flowing gas. The gas carries the refrigeration a short 
distance downward. The heating and refrigerating 
effects are equal when the process reaches steady- 
state. Since much of the refrigeration occurs at the 
entrance to the desiccant layer, however, some of the 
refrigeration leaves the desiccant layer during each 
PSA processing cycle. This refrigeration would be lost 
with the waste gas leaving the adsorption vessel, except 
for the placement of the first refrigeration section to 
adsorb it from the waste gas and store it for advanta- 
geous use in the practice of the invention. The first 
regeneration section is designed to store the refrigera- 
tion and then return it to the desiccant layer during the 
next gas upf low step of the PSA cycle. When this is car- 
ried out, the water adsorption heat is balanced by the 
recovered refrigeration and said adsorption heat does 



not move upward through the desiccant layer to the 
nitrogen adsorption region of the vessel. 

The upper end of the desiccant layer will be under- 
stood to handle only low concentrations of water or 

5 other strongly-adsorbed impurities and thus will simulta- 
neously act as an efficient second regenerator section. 
As a regenerator, it will readily recover the refrigeration 
generated by the nitrogen region and will transfer this 
refrigeration to the feed gas stream flowing upward into 

w that region of the vessel during the next portion of the 
cyclic processing operation. 

In the teaching of Izami et al. referred to above, a 
regenerator region is placed only between the desiccant 
layer and the nitrogen adsorption region. This is much 

is less effective than the arrangement of the invention 
since refrigeration generated in the desiccant layer will 
be at least partially lost and this loss wilt result in higher 
temperatures in the nitrogen adorption region regard- 
less of the regenerator efficiency. Furthermore, as indi- 

20 cated above, the upper end of the desiccant layer acts 
simultaneously to remove traces of strongly adsorbed 
impurities and to serve as a regenerator. The two uses 
of the desiccant layer do not conflict with one another, 
but, instead, provide a highly desirable synergy for more 

25 eff id ent PSA process and system operation. 

In filling the bottom distributor means of the adsorp- 
tion vessel to appreciably decrease the void space 
therein, rt is important that the particles employed, such 
as the conductive particles referred to above, be large 

30 enough to avoid creating large pressure drops that 
would add significantly to the total adsorber pressure 
drop or cause flow maldistribution through significant 
lateral pressure gradients in the end space. 

It will be understood that conductive elements other 

35 than the size copper spheres with a particle size of 1 .68 
mm to 2.0 mm (10x12 mesh) referred to above can be 
used in the first or lower regenerator section. Preferably, 
the regenerator is filled with conductive elements com- 
prising metal particles of somewhat lower thermal con- 

40 ductiv'rty than copper. For instance, materials having a 
conductivity of from about one half to about 1/10 that of 
copper, are desirable, so that axial conductivity "rs 
reduced without excessive reduction of gas-to-solid 
thermal exchange efficiency. Any significant further 

45 reduction in thermal conductivity of the material com- 
prising said first regenerator section would serve to 
reduce regenerator performance and would require 
some increase in the depth of said first regenerator sec- 
tion. For purposes of the invention, the conductivity of 

so the material comprising the first regenerator should be 
such as, together with the amount and size of such 
material employed, to enable the refrigeration in the 
back-flowing stream to be stored during the desorption 
portion of the processing sequence carried out in the 

55 adsorbent bed. Such conductivity will desirably be from 
about 430 to about 0.85 W/m • K (about 250 to about 0.5 
BTU per °F/ftfft 2 /hr), preferably from about 260 to about 
26 W/m • K about 150 to about 15, BTU per 0 F/fr7ft 2 /hr. 
Aluminum, steel and cast iron are suitable materials for 
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this purpose, as welt as copper as noted above. Loosely 
packed regenerator particles should be sized to avoid 
f lutdization during upflow of gas, or to avoid horizontal 
movement during horizontal gas flow. Hie particles can 
be made at least the same size and density as the size 
and density of the particles used in the adsorbent sec- 
tion. Regenerators in the form of screens, grids and 
similar structures are not subject to such flutdization 
and can thus be subjected to greater forces without 
undue movement. 

it is within the scope of the invention to employ 
regenerator sections other than the axial-flow cylindrical 
section referred to above. For example, screen stacks 
can be used, and, if desired, can be separated by thin 
layers of spheres or other particles with low or moderate 
thermal conductivity. The regenerator material need not 
be spheres and can be composed of pellets, irregular 
particles, fiber mats, porous plates, or particles formed 
into porous structures by sintering or bonding. In a 
radial flow adsorption system the regenerator can be in 
the general form of a cylindrical layer separating the 
feed-end distributor means, whether external or inter- 
nal. 

A first regenerator made of common plate-and-f in 
cores is not desirable in the practice of the invention 
because of the increased axial conduction resulting 
therefrom. The first regenerator should, in any case, 
have moderately low void space volume in order to 
avoid thermal cycling due to the existence of reversible 
work of compression and expansion in the regenerator 
itself. As indicated above, the positioning of the first 
regenerator below the desiccant layer is an important 
feature of the invention, and is of particular significance 
when the water content of the feed air is high. 

The invention will be understood to involve the use 
of sodium X zeolite not limited to the embodiment hav- 
ing a silica/alumina ratio of about 2.0 referred to in the 
illustrative example above, ft is within the scope of the 
invention to employ sodium X zeolites having silica/alu- 
mina ratios of from about 2.0 to about 2.6, preferably 
less than about 2.4, e.g. 2.0 to 2.4. Trie water loading of 
the sodium X zeolite used as adsorbent in the practice 
of the invention should be less than about 25 g, water 
per kg, preferably less than about 10 g. water per kg., 
more preferably less than 3 g. per kg. It is also within the 
scope of the invention to employ a type 5A or 4A zeolite. 
Such adsorbents are only moderately strong nitrogen 
selective equilibrium type adsorbents. Strong nitrogen- 
selective equilibrium type adsorbents prepared by ion- 
exchange of sodium X zeolites, such as lithium X and 
calcium X, should not be used in the low temperature 
region of the adsorbent beds, since the desorption of 
nitrogen from such adsorbents becomes difficult at the 
lower temperatures reached by self-refrigerated cycles. 
However, such strong nitrogen selective adsorbents can 
be advantageously used in the higher temperature 
regions near the product end of the bed. Rate selective 
adsorbents, such as carbon adsorbents that selectively 
adsorb oxygen instead of nitrogen on a rate selective 



basis, also should not be used since it is more difficult to 
generate the needed self-refrigeration in efficient air 
separation cycles using such adsorbents. 

It should be noted that ordinarily, feed air to be sep- 

5 arated in the practice of the invention contains water 
vapor, carbon dioxide, and other strongly-adsorbed 
impurities that are removed by the desiccant layer. If, on 
the other hand, the feed air is free of these impurities, 
the desiccant layer may be omitted. In such event, all 

10 other elements of the PSA system of the invention 
would still be employed as described above and as 
shown in Fig. 1, including the first regenerator section 
positioned above the bottom distributor means. Such 
elements would still be sized as indicated above for the 

is illustrative example. In this case, the first regenerator 
section would serve to perform the regenerative func- 
tion of the top portion of the desiccant layer, and would 
thus block or preclude the loss of desired refrigeration 
from the nitrogen adsorbent region of the vessel into the 

20 bottom distributor means. 

The invention may be practical in PSA systems hav- 
ing one or more adsorbent beds, with from 2 to 4 bed 
systems being generally preferred, although systems 
having a greater number of beds, up to 10 to 12 beds or 

25 more, can also be employed. Rg. 2 illustrates a normal 
2-bed PSA system used for the desired air separation to 
produce oxygen product. In this embodiment, feed air in 
line 10 is compressed in air compressor 1 1 and passes 
to aftercooler 12 for cooling prior to passage to either 

30 adsorbent bed 1 3 or adsorbent bed 1 4 depending upon 
the portion of the overall PSA processing sequence 
being carried out in the beds at any given time in the 
overall cycle. Line 15 containing valve means 16 is 
adapted to pass feed air to line 17 for passage to the 

35 feed or bottom end of bed 1 3. Line 1 7 is also connected 
to line 18. containing valve means 19, for the withdrawal 
of waste nitrogen from said bed 13 fa passage to line 
20 for discharge from the system. Similarly, line 21 con- 
taining valve means 22 is provided for the passage of 

40 feed air to line 23 for introduction into the bottom end of 
bed 14. Line 24 containing valve means 25 is adapted to 
pass waste nitrogen gas to said line 20 for discharge 
from the system. It will be understood that said waste 
nitrogen stream comprises the more readily adsorbable 

45 nitrogen component desorbed and removed from the 
bed during the lower pressure desorption step of the 
process. 

At the upper end of bed 13, line 26 containing valve 
means 27 is adapted to pass the less readily adsorba- 

so ble component of feed air, i.e. oxygen, removed from the 
upper portion of bed 13 to line 28 for recovery as the 
desired oxygen product of the air separation process. 
Likewise, tine 29 containing valve means 30 is provided 
to similarly pass less readily adsorbable oxygen from 

55 the upper portion of bed 14 to said line 28 for recovery 
as said oxygen product gas. It will be noted that line 31 
containing valve means 32 is adapted to provide fluid 
communication between lines 26 and 29 so as to enable 
gas being passed from the upper portion of one bed 
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undergoing depressurization from its upper adsorption 
pressure to be passed to the other bed initially at lower 
pressure for pressure equalization between the beds so 
that the pressure requirements of the upper pressure 
adsorption-lower pressure desorption cyclic sequence $ 
in each bed can be minimized. 

In very large size PSA air separation plants, several 
adsorbent beds may be connected for parallel flow in 
one processing bank. All of the beds will then go 
through the same processing sequence together and 
simultaneously. Each separate bed in a particular bank 
desirably shares common feed and exit piping with suit- 
able controls to level the flow among the beds. Such an 
adsorption bank can contain any number of adsorption 
beds, but each bank in a given PSA adsorption system 
would contain the same number of beds as in the other 
associated banks. Any convenient number of banks 
may be used in a PSA system, with two and four banks 
being generally preferred. 

It will be appreciated that the invention can be prac- 
ticed using various modifications of the basic adsorp- 
tion-desorption-repressurization processing sequence 
depending upon the overall requirements of any partic- 
ular air separation operation. One particular processing 
sequence is described below. It will be understood that 
each bed of the PSA undergoing this particular process- 
ing sequence, or any other such sequence, is of the 
configuration described above with respect to Fig. 1, 
unless the desiccant layer can be omitted as indicated 
above. Thus, all of the beds are adapted for self-refrig- 
erating, low temperature operation, with no external 
source of refrigeration being employed to achieve the 
desired low temperature operation. 

Processing Cycle Sequence 

Step 1 - Pressurize the bed to the upper adsorption 
pressure by the introduction of feed air to the feed 
end of the bed; 

Step 2 - Adsorption at the upper adsorption pres- 
sure, with feed air being introduced to the feed end 
of the bed and with less selectively adsorbable oxy- 
gen being withdrawn from the product end of the 
bed as the desired product gas; 
Step 3 - Cocurrent depressurization with release of 
void space gas from the product end of the bed to 
lower the pressure of the bed to an intermediate 
level, with the released gas being introduced to 
another bed in the system for use as purge gas or 
for pressure equalization with a bed initially at lower 
pressure, or with said released gas being recovered 
as a secondary oxygen-rich product; 
Step 4 - Countercurrent depressurization with 
release of gas from the feed end of the bed. which 
is depressurized to the lower desorption pressure, 
said released gas comprising oxygen -lean waste 
gas; 

Step 5 - Purge at the lower desorption pressure 
with oxygen-rich reflux gas from another bed being 



introduced to the product end of the bed and addi- 
tional quantities of oxygen-lean waste gas being 
removed from the feed end of the bed; and 
Step 6 - Partially repressurize the bed by introduc- 
ing gas released from the product end of another 
bed to the product end of the bed being repressu- 
rized, said bed being repressurized having its pres- 
sure increased from the lower desorption pressure 
to an intermediate pressure prior to further repres- 
surization to the upper adsorption pressure as the 
processing sequence is continued on a cyclic basis 
in each bed in the PSA system. 

It will be understood that the oxygen-rich reflux gas 
removed from the product end of the bed in Step 3 and 
used for purge and/or pressure equalization purposes 
can be passed directly to another bed in the system for 
such purposes and/or can be stored in a separate stor- 
age vessel for such use. In one embodiment gas 
released from a bed upon cocurrent depressurization 
thereof can be used initially for pressure equalization 
purposes, either partially or fully, with additional quanti- 
ties of gas so released being used to pressurize a stor- 
age vessel for use in providing purge to another bed in 
the system at a later time, with still additional quantities 
of gas being used directly to purge a different bed in the 
system. 

In the practice of the invention utilizing PSA vessels 
as described in the illustrative vessel example referred 
to above, with gas being released in cocurrent depres- 
surization Step 3 for pressure equalization and provide 
purge gas purposes in a two-bed system, a total cycle 
time of 30 seconds is employed, with the individual 
processing step times being as follows: Step 1-12 sec- 
onds, Step 2-28 seconds, Step 3-5 seconds, Step 4-32 
seconds, Step 5-8 seconds and Step 6-5 seconds. The 
upper adsorption pressure is 150 kPa, the lower des- 
orption pressure is 50 kPa, the pressure equalization 
decrease in pressure is to 110 kPa and the pressure 
equalization increase in pressure is to 85 kPa. Feed air 
is introduced at upper adsorption pressure at the rate of 
0.133 moles/second at300°K, with 0.039 moles/second 
of oxygen being produced per cycle, with 0.021 
moles/second being recovered as oxygen product of 
95% purity and with 0.010 moles/second being used as 
purge oxygen. The desiccant layer is at about 300°K, 
while the lower, feed end of the nitrogen adsorbent 
region is at about 270°K as a result of the self-refrigera- 
tion feature of the invention, and the upper, product end 
thereof is at about 298°K. The total refrigeration per unit 
of frontal area is about 7,580 W/m 2 , i.e. 79.8 kW for a 
bed 3.66 m (12 ft.) in diameter. With two inch (5.1 cm) 
thick insulation of the nitrogen adsorbent region in 
accordance with the invention, and with the lateral area 
of the vessel wall being 21 m 2 , the heat loss through the 
wall of the nitrogen adsorbent region was kept to only 
1.1 kw, with the corresponding effect on the tempera- 
ture being only 0.4°K. 
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It will be understood that various changes and mod- 
ifications can be made in the details of the invention as 
described herein without departing from the scope of 
the invention as set forth in the appended claims. Thus, 
the desiccant layer may comprise, in addition to the alu- 
mina referred to above, silica gel, molecular sieve mate- 
rial, such as certain NaX materials having as high Si/AI 
ratio, e.g. 20/1 , and the like. 

The purpose of the insulation on the lateral walls of 
the adsorbent vessel, i.e. in the region of the regenera- 
tor, drying and adsorbent sections, is to prevent unde- 
sired loss of self-refrigeration through the lateral walls. 
For adsorption systems in which the adsorbent beds are 
in cylindrical vessels and the gas flows are axial, the lat- 
eral wails consist of the cylindrical shell. If external insu- 
lation is employed, it may be necessary to insulate not 
only the cylindrical shell, but parts of the vessel distrib- 
utor spaces as well so as to preclude heat conduction 
from said spaces to the shell wall. If the adsorbent bed 
is adapted for radial, rather than axial flow, the top and 
bottom surfaces would desirably be insulated, ft will be 
understood that the insulation employed for such cylin- 
drical vessels, or for any other vessels, should be of suf- 
ficient thickness and low conductivity so that the total 
heat conduction into the adsorbent vessel through the 
walls is a very minor fraction of the self-refrigeration 
generated during the cyclic PSA operations of the 
invention. The heat conduction into the vessel is thus 
minimized by the use of insulation, with said heat con- 
duction being less than about 5%, preferably less than 
about 2%, ag. between about 1% or less and about 2%, 
of the self-refrigeration generated within the vessel. It 
will be understood that any suitable, commercially avail- 
able insulation material can be employed. Thus, readily 
available vacuum insulation, pipe insulation or the like 
can be employed, with insulation materials such as dia- 
tomaceous earth, silica and the like being conveniently 
employed. 

For an axial flow adsorber of the type shown in Fig. 
1, the regenerator is conveniently in the form of a flat 
layer at the feed end of the adsorber. In a radial-flow 
adsorber in which the gas flow is either outward from 
the center, or inward from the periphery to the center, 
the regenerator will typically be in the form of a cylindri- 
cal layer separating the feed-end distributor means, 
whether external or internal, from the adsorbent sec- 
tion, with the gas streams thus flowing radially through 
the regenerator. 

In addition to the 0.8 cm (5/16") conductive brass 
spheres used to fill the bottom distributor means in the 
illustrative example above, other suitable particles, 
including conductive particles, such as alumina, can be 
employed for such purpose. During pressurization, the 
gas in the distributor space is heated by reversible work 
of compression. Heated gas is then driven through the 
regenerator and into the adsorbent bed. Eventually, the 
gas in the distributor space approaches the temperature 
of the feed gas leaving the feed compressor and its 
aftercooler. By this point, the excess heat has entered 



the adsorber. During desorption, the gas in the distribu- 
tor space is cooled by reversible work of expansion. 
Cooled gas leaves through exit piping and the vacuum 
pump, if employed. Eventually, the gas in the distributor 

5 space approaches the temperature of the gas leaving 
the warm end of the regenerator. This temperature is 
nearly the same as the temperature of the gas that left 
the feed compressor and its aftercooler, so long as the 
regeneration is working effectively. 

w The net effect of the process is that reversible work 
of compression and expansion in the ertdspace act as a 
heat pump. The heat from the pumping is injected into 
the adsorbent, nullifying at least part of the adsorbent 
self-refrigeration. The heat pumped into the adsorbent 

15 bed migrates through the entire bed, cycle-by-cycle, 
eventually raising the temperature of the entire bed. 
Such urtdesired heat pumping into the feed-end distrib- 
utor means can be reduced by reducing the distributor 
space volume and/or by partially filling the distributor 

20 space with rigid or bulky particles or structures, such as 
the brass spheres referred to above, that reduce the 
gas-filled void space. The residual void space of the dis- 
tributor space is conveniently about 40% of the volume 
of the unfilled distributor space, although it will be 

25 appreciated that the residual volume can be reduced to 
any such volume that provides an effective reduction in 
the heat pumping at the feed end distributor means or 
space. If the distributor space filling particles or struc- 
tures have enough heat capacitance and heat transfer 

30 surface, they can reduce the heat pumping effect not 
only by reducing the gas-filled volume, but also by 
damping the temperature swings of heat conduction 
with the gas therein. Thus, they can absorb heat from 
the gas during pressurization and release said heat to 

35 the gas during depressurization. 

Although heat pumping also occurs in the product- 
end distributor means at the opposite end of the 
adsorber, it does not significantly affect the adsorber 
temperature. While the distributor means is desirably 

40 filled with said particles or structures in preferred 
embodiments of the invention, there is no need to 
reduce thermal cycling at said product-end distributor 
space. Said product-end, or top, distributor space may 
nevertheless be filled with ceramic spheres, or other 

45 particles or structures, if desired to reduce compression 
energy loss in said product-end distributor space. 

Those skilled in the art will appreciate that the 
invention can be practiced using a variety of processing 
conditions, depending on the gas separation being car- 

so ried out, the number of adsorbent beds and the adsorb- 
ent employed, the desired product characteristics and 
the like. It is within the scope of the invention to employ 
lower desorption pressures of from about 40.5 kPa to 
about 121.6 kPa (about 0.4 to about 1.2 atmospheres 

55 (atm)) in various embodiments of the invention. The 
upper adsorption pressure/lower desorption pressure 
ratio for purposes of the invention is in the range of from 
about 1.25 to about 5.0. Within such operating ranges, 
it should be noted that the invention is desirably prac- 
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ticed within two separate operating regimes. Thus, the 
invention is advantageously employed, in certain 
embodiments, at lower desorption pressures of from 
about 40.5 to about 70.9 kPa (about 0.4 to about 0.7 
atm.), e.g. 55.7 kPa (0.55 atm), with the upper adsorp- 
tion pressure/lower desorption pressure ratio ranging 
from about 1.4/1 to about 5.0/1, preferably from about 
1.7/1 to about 3.0/1. In other embodiments, the inven- 
tion is advantageously employed at lower desorption 
pressures of from about 101.3 to about 121.6 kPa 
(about 1 .0 to about 1 .2 atm.), with the upper adsorption 
pressure/lower desorption pressure ratio ranging from 
about 1 .25/1 to about 3.5/1 , preferably from about 1 .4/1 
to about 2.5/1. In PSA cycles in which each bed is 
depressured to an intermediate pressure level prior to 
depressurization to the lower desorption pressure, e.g. 
by the cocurrent depressurization step referred to 
above, the difference between the upper adsorption 
pressure and the intermediate pressure level, or levels if 
more than one intermediate level is employed, will desir- 
ably range from near 0% to as low as about 40% of the 
total difference between the upper adsorption pressure 
and the tower desorption pressure employed. The air or 
other gas feed temperature is conveniently in the range 
of from about 280°K to about 310% typically from 
about 290°K to about 305°K, with ambient temperature 
conditions being convenient 

As indicated above, the adsorbents employed in the 
practice of the invention are equilibrium type, sodium X 
zeolitic molecular sieves that are only moderately strong 
adsorbents for the more readily adsorbable component 
of the gas mixture, e.g. for nitrogen in air separation 
operations. Such adsorbents, for example, the NaX hav- 
ing a silica/alumina ratio as indicated above, and the 
well known types 5A and 4A materials, thus exhibit only 
moderate nitrogen or other more selectively adsorbable 
component selectivity, adsorbent loading, and heat of 
adsorption. By contrast, LJX, CaX and other zeolites 
prepared by the ion-exchange of sodium X zeolites are 
strongly adsorbent with respect to nitrogen or the other 
more readily adsorbable components of the feed air or 
other gas, and exhibit high selectivity for nitrogen or 
other more selectively adsorbable component, together 
with high loading and high heat of adsorption character- 
istics. 

In embodiments of the invention in which a purge 
step is employed, as in other PSA cycles, it will be 
understood that the adsorption front of the more selec- 
tively adsorbable component moves from the feed end 
of the bed toward the product end of the bed during the 
high pressure adsorption and cocurrent depressuriza- 
tion steps but without breakthrough from the product 
end thereof. The amount of purge gas employed at the 
lower desorption pressure is such as to facilitate des- 
orption and removal of said more selectively adsorbable 
component from the feed end of the bed without break- 
through of the less readily adsorbable component, i.e. 
oxygen in air separation applications, from the feed end 
of the bed. At lower adsorption/desorption pressure 



ratio applications, it is generally desirable to employ suf- 
ficient purge gas to assure desorption and removal of 
the more readily adsorbable component of the bed to 
the extent possible without said breakthrough of the less 

5 readily adsorbable component 

While the invention has been described, particu- 
larly with respect to PSA air separation operations for 
the selective adsorption of nitrogen and the recovery of 
less readily adsorbable oxygen, or oxygen and argon, 

w as the desired product, other gas separation operations 
can be advantageously carried out in the practice of the 
invention. It should be understood that air separation 
PSA cycles are known and can be used in conjunction 
with the invention whereby the more selectively adsorb- 

15 able component, i.e. nitrogen, is the desired product 
and is recovered in the desorption portion of the PSA 
cycle, with or without the use of a purge step. Other gas 
separations PSA operations that can be enhanced by 
the invention include the separation of nitrogen from 

20 helium or from hydrogen, with nitrogen being the more 
readily adsorbable component of such gas mixtures. 

Using the system referred to in the illustrative 
example above for air separation and oxygen recovery, 
it was determined that performance comparable to that 

25 obtained in the external refrigeration approach can be 
achieved, in the practice of the invention, without the 
need for external refrigeration. It was also determined 
that the product recovery is higher, and the bed size fac- 
tor is desirably lower, when the desorption pressure is 

30 kept low under fixed upper adsorption pressure condi- 
tions. But, however, increasingly low desorption pres- 
sures increase the power requirements for the vacuum 
pump employed to achieve the vacuum desorption 
pressure levels. Thus, a modest desorption pressure 

35 level and a modestly high adsorption/desorption pres- 
sure ratio within the ranges specified above are gener- 
ally desirable. The invention also provides highly 
desirable processing flexibility, enabling trade-offs of 
operating features to be made in light of the require- 

40 merits or limitations pertaining to a given application. 
The invention provides a highly desirable advance 
in the PSA art based on the effective utilization of the 
self-refrigeration generated in the course of cyclic PSA 
operations. As a result, enhanced gas separations can 

45 be achieved, as in the highly desirable PSA operations 
for the recovery of oxygen by air separation, under opti- 
mal temperature conditions without the need and 
expense of external sources of refrigeration. By the 
practice of the invention, PSA technology is able to 

fa more fully satisfy the need and desire in the art for over- 
all efficiency and economy is satisfying ever increasing 
demands for air separation for oxygen production and 
other desirable gas separation operations. 

55 Claims 

1 . A pressure swing adsorption system for the separa- 
tion of a more readily adsorbable component of a 
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feed gas mixture containing said component and a 
less readily adsorbable component comprising: 

a) at least one adsorption vessel (1) containing 

a bed (7) of equilibrium-type adsorbent mate- s 
rial capable of selectively adsorbing the more 
readily absorbable component of said feed mix- 
ture, said bed of adsorbent material not having 
means for the furnishing of externally supplied 
refrigeration thereto; 10 

b) conduit means (2) for passing the feed gas 
mixture to the feed end of the adsorption vessel 
(1) and for removing the more readily absorba- 
ble component therefrom upon desorption from 
the bed (7) of adsorbent material; is 

c) conduit means (9) for withdrawing the less 
readily adsorbable component from the oppo- 
site end of the vessel (1); 

d) distributor means (3, 8) positioned at the 
feed end and at the opposite end of the adsorp- 20 
tion vessel (1) adjacent said conduit means (2, 

9), said adsorbent bed (7) being positioned 
between said distributor means; 

e) a regenerator section (4) within said adsorp- 
tion vessel (1), said regenerator section com- 25 
prising conductive elements adapted to store 
the refrigeration in the backf lowing stream dur- 
ing the desorption portion of the adsorp- 
tion/desorption processing sequence carried 
out in the bed (7); and 30 

f) insulation means on the walls (1A) of the 
adsorption vessel (1), said insulation means 
being adapted to prevent the loss of any appre- 
ciable amount of self-refrigeration generated 
during cyclic adsorption/desorption operation 35 
of the system by introduction of heat from out- 
side the adsorption vessel through the walls 
thereof to the bed (7) of adsorbent material or 

to the regenerator section (4) within the vessel; 

g) said adsorbent bed (7) being disposed 40 
downstream of the regenerator section (4); 

characterized in that 

h) said regenerator section (4) being disposed 45 
at the feed end of said adsorption vessel (1) 
immediately downstream of the bottom distrib- 
utor means (3); and 

i) said adsorbent material being selected from 
the group consisting of sodium X zeolites hav- so 
ing silica/alumina ratios from 2.0 to 2.6. type 5A 
zeolites and type 4A zeolites, and having a 
water loading of less than about 25 g water per 

kg. 

55 

The system of claim 1 and including a drying sec- 
tion (5) within said adsorption vessel (1) and posi- 
tioned between said regenerator section (4) and the 
bed (7) of adsorbent material, said drying section 



comprising desiccant material capable of removing 
water vapor, carbon dioxide and heavy hydrocar- 
bons from the feed gas mixture, the portion of said 
drying section in the vicinity of said bed of adsorb- 
ent material serving as a second regeneration sec- 
tion (6). 

3. The system of claim 1 or 2 in which said silica/alu- 
mina ratio is less than 2.4. 

4. The system of claim 1 in which said regenerator 
section (4) comprises metal particles. 

5. The system of claim 1 in which said regenerator 
section (4) comprises particles or elements having 
a thermal conductivity within the range of from 
about 430 to about 0.85 W/m»K (about 250 to 
about 0.5 BTU^F/fVf^/hr). 

6. The system of claim 5 in which said thermal con- 
ductivity is from about 260 to about 26 W/m-K 
(about 150 to about 15 BTU^F/fVffrhr). 

7. The system of any one of the preceding claims in 
which said water loading is less than about 10 g 
water per kg. 

8. TTie system of any one of the preceding claims in 
which said system comprises two or more adsorp- 
tion vessels (1) containing said bed (7) of adsorbent 
material, said conduit means (2) for passing the 
feed gas mixture to. and for removing more readily 
adsorbable component from, the system, and said 
conduit means (9) for withdrawing less readily 
adsorbable component from the system being 
adapted so as to enable the adsorption/desorption 
pressure swing adsorption sequence to be carried 
out on a cyclic basis in each bed. 

9. The system of any one of the preceding claims in 
which the distributor means (3) at the feed end of 
the adsorption vessel (1) is filled with particles serv- 
ing to appreciably decrease the void space therein. 

10. The system of claim 9 in which said particles com- 
prise conductive particles. 

11. A pressure swing adsorption process for the sepa- 
ration of a more readily adsorbable component of a 
feed gas mixture containing said component and a 
less readily adsorbable component in a cyclic adso- 
prtion/desorption sequence comprising: 

(a) passing said feed gas mixture to the feed 
end of at least one adsorption vessel (1) con- 
taining a bed (7) of equilibrium-type adsorbent 
material at an upper adsorption pressure, said 
adsorbent material being capable of selectively 
adsorbing the more readily adsorbable compo- 
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nerrt of said feed gas mixture, said adsorbent 
material being selected from the group consist- 
ing of sodium X zeolites having silica/alumina 
ratios from 2.0 to 2.6, type 5A zeolites and type 
4A zeolites, said adsorbent material having a 
water loading of less than about 25 g water per 
kg, no externally supplied refrigeration being 
finished to the bed of adsorbent material, said 
feed gas mixture passing through distributor 
means (3) at the feed end of said adsorption 
vessel and a regenerator section (4), said bed 
of adsorbent material being positioned down- 
stream of said regenerator section, said regen- 
erator section comprising conductive elements 
adapted to store the refrigeration in the back- 
flowing stream during the desorption portion of 
the adsorption/desorption processing 
sequence carried out in said bed of adsorbent 
material, said regenerator section being dis- 
posed at the feed end of the adsorption vessel 
immediately downstream of the bottom distrib- 
utor means (3), said adsorption vessel having 
insulation means on the walls (1A) thereof to 
prevent the loss of any appreciable amount of 
self-refrigeration generated during cyclic 
adsorption/desorption processing by introduc- 
tion of heat from outside the adsorption vessel 
through the walls thereof to the bed of adsorb- 
ent material or to the regenerator section 
therein; 

(b) withdrawing less readily adsorbable compo- 
nent from the distributor means (8) at the oppo- 
site end of the vessel (1) at the upper 
adsorption pressure; and 

(c) removing the more readily adsorbable com- 
ponent of the feed gas mixture from the feed 
end of the bed (7) with depressurization of the 
bed to the lower desorption pressure within the 
range of from about 0.4 to about 1.2 bar 
(atmospheres), the upper adsorption pres- 
sure/lower desorption pressure ratio being in 
the range of from about 1 .24/1 to about 5.0/1 . 

12. The process of claim 1 1 and including passing said 
feed gas mixture through a drying section (5) posi- 
tioned within the adsorption vessel (1) between 
said regeneration section (4) and the bed (7) of 
adsorbent material, said drying section comprising 
desiccant material capable of selectively adsorbing 
water vapor, carbon dioxide and heavy hydrocar- 
bons from the feed gas mixture, the portion of the 
drying section in the vicinity of the bed of adsorbent 
material serving as a second regenerator section 
(6). 

13. The process of claim 1 1 or 12 in which said lower 
desorption pressure is from about 0.4 to about 0.7 
bar (atmospheres) and said upper adsorption pres- 



sure/lower desorption pressure ratio is from about 
1.4/1 to about 5.0/1. 

14. The process of claim 1 3 in which said pressure ratio 
5 is from about 1 J/1 to about 3.0/1 . 

15. The process of claim 11 or 12 in which the lower 
desorption pressure is from about 1 to about 1.2 
bar (atmospheres) and said upper adsorption pres- 
to sure/lower desorption pressure ratio is from about 

1.25/1 to about 3.5/1. 

1 6. The process of claim 1 5 in which said pressure ratio 
is from about 1 .4/1 to about 2.5/1 . 

is 

17. The process of any one of claims 11 to 16 in which 
said thermal conductivity of the regeneration sec- 
tion particles is from about 430 to about 0.85 
W/m • K (about 250 to about 0.5 BTUrF/ftm^/hr. 

20 

18. The process of daim 17 in which said thermal con- 
ductivity is from about 260 to about 26 W/m • K 
(about 150 to about 15 BTU^F/ft/f^/hr). 

25 19. The process of any one of claims 1 1 to 18 in which 
said water loading is less than about 10 g water per 

kg. 

20. The process of any one of claims 1 1 to 19 in which 
30 said silica/aluminum ratio is less than 2.4. 

21. The process of any one of claims 1 1 to 20 in which 
the distributor means at the feed end of the adsorp- 
tion vessel contains particles serving to appreciably 

35 decrease the void space therein. 

22. The process of any one of claims 1 1 to 21 in which 
the feed gas mixture comprises air. 

40 23. The process of claim 22 in which the less readily 
adsorbable component recovered from said oppo- 
site end of the bed (7) comprises oxygen and argon 
product gas. 

45 24. The process of claim 22 in which the more readily 
adsorbable component recovered from the feed 
end of the bed (7) comprises nitrogen product gas. 

25. The process of any one of claims 1 1 to 21 in which 
so the feed gas mixture comprises nitrogen as the 

more readily adsorbable component and helium as 
the less readily adsorbable component. 

26. The process of any one of claims 1 1 to 21 in which 
55 the feed gas mixture comprises nitrogen as the 

more readily adsorbable component and hydrogen 
as the less readily adsorbable component. 
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27. The process of any one of claims 1 1 to 21 in which 
said feed gas mixture is passed, on a cyclic basis, 
to two or more adsorption vessels (1). 

Patentanspruche 

1. Druckwechseladsorptionssystem zum Abtrennen 
einer leichter adsorbierfoaren Komponente eines 
Einsatzgasgemisches, welches die besagte Kom- 
ponente und eine weniger leicht adsorbierbare 
Komponente enthart, versehen mit: 

a) mindestens einem Adsorptionsbehaiter (1), 
der ein Bett (7) mit Gleichgewichts-Adsorpti- 
onsmHtel enthait, das die leichter adsorbier- 
bare Komponente des Einsatzgemisches 
selektiv adsorbieren kann, wobei das Adsorpti- 
onsmittelbett Keine Mittel zum ZufQhren von 
extern bereitgestellter Kafte aufweist; 

b) einer Leitungsanordnung (2) zum Cfberlerten 
des Einsatzgasgemisches zu dem Einsatz- 
ende des Adsorptionsbehaiters (1) und zum 
Abziehen der leichter adsorbierbaren Kompo- 
nente davon bei einer Desorption des Adsorp- 
tionsmittelbettes (7); 

c) einer Leitungsanordnung (9) zum Abziehen 
der leichter adsorbierbaren Komponente von 
dem gegenuberfiegenden Ende des Behatters 

0); 

d) an dem Einsatzende und dem gegenuberlie- 
genden Ende des Adsorptionsbehaiters (1) 
benachbart der Leitungsanordnung (2, 9) vor- 
gesehenen Verteileranordnungen (3, 8), wobei 
das Adsorptionsmittetbett (7) zwischen den 
Verteileranordnungen angeordnet ist; 

e) einem Regeneratorabschnitt (4) innerhalb 
des Adsorptionsbehaiters (1), wobei der Rege- 
neratorabschnrtt konduktrVe Elemertte auf- 
weist die fur das Speichern der Kaite in dem 
zuruckstromenden Strom wahrend dem Des- 
orptionsteil der in dem Bett (7) ausgefOhrten 
Adsaptions/Desorptions-Verarbeitungsab- 
folge ausgelegt sind; und 

f) einer Isolationsanordnung an den Wanden 
(1A) des Adsorptionsbehaiters (1), die dafur 
ausgelegt ist, den Verlust eines jeglichen nen- 
nenswerten Betrages an wahrend dem zyWi- 
schen Adsorptions/Desorptions-Betrieb des 
Systems erzeugter Eigenkuhlung aufgrund des 
Eindringens von Warme von auBerhalb des 
Adsorptionsbehaiters durch dessen Wande zu 
dem Adsorptionsmittelbett (7) oder dem Rege- 
neratorabschnrtt (4) innerhalb des Behatters zu 
verhindern; 

g) wobei das Adsorptionsmittelbett (7) stromab 
von dem Regeneratorabschnitt (4) angeordnet 
ist; 

dadurch gekennzeichnet, dafl 



h) der Regeneratorabschnitt (4) an dem Ein- 
satzende des Adsorptionsbehaiters (1) direkt 
stromab von der unteren Verteileranordnung 
(3) angeordnet ist; und 

5 i) das Adsorptionsmittel aus der aus Natrium X 

Zeoliten mit einem Siliziumoxid/AIuminiumoxid- 
Verhaltnis von 2,0 bis 2,6, 5A-2eoliten und 4A- 
Zeoliten bestehenden Gruppe ausgewahlt ist, 
die eine Wasseraufnahme von weniger als 

io etwa 25 g Wasser pro kg zeigen. 

2. System nach Anspruch 1, versehen mit einem 
innerhalb des Adsorptionsbehaiters (1) zwischen 
dem Regeneratorabschnitt (4) und dem Adsorpti- 

75 onsmittelbett (7) angeordneten Trocknerabschnitt 
(5), der ein Trocknungsmiftel aufweist, das Wasser- 
dampf, Kohlendioxid und schwere Kohlenwasser- 
stoffe aus dem Einsatzgasgemisch entfernen kann, 
wobei der Bereich des Trocknerabschnittes in der 

20 Nahe des Adsorptionsmittelbettes als ein zwerter 
Regeneratorabschnitt (6) dient 

3. System nach Anspruch 1 oder 2, bei welchem das 
Siliziumoxid/Aluminiurnoxid-Verhaitnis unter 2,4 

25 liegt. 

4. System nach Anspruch 1, bei welchem der Rege- 
neratorabschnitt (4) Metallpartike) aufweist. 

30 5. System nach Anspruch 1 , bei welchem der Rege- 
neratorabschnitt (4) Partikel oder Elemente auf- 
weist. deren thermische Leitfahigkert im Bereich 
von etwa 430 bis etwa 0,85 W/m * K (etwa 250 bis 
etwa 0.5 BTU/°F/fim^/hr) liegt 

35 

6. System nach Anspruch 5, bei welchem die thermi- 
sche Lertfahigkeit zwischen etwa 260 und etwa 26 
W/m-K (etwa 150 und etwa 15 BTUrF/ft/f^/hr) 
liegt 

40 

7. System nach einem der vorhergehenden AnsprO- 
che, bei welchem die Wasseraufnahme unter etwa 
10 g Wasser pro kg liegt 

45 8. System nach einem der vorhergehenden Anspru- 
che, bei welchem das System zwei oder mehr das 
Adsorptionsmittelbett (7) enthattende Adsorptions- 
behatter (1) aufweist und die Leitungsanordnung 
(2) zum Cfberlerten des Einsatzgasgemisches zu 

so dem System und zum Abziehen der leichter adsor- 
bierbaren Komponente von dem System, sowie die 
Leitungsanordnung (9) zum Abziehen der leichter 
adsorbierbaren Komponente von dem System 
dafur ausgelegt sind, in jedem Bett die Adsorpti- 

55 ons/Desorptions-Druckwechseladsorptionsabfoige 
auf einer zyklischen Basis auszuf uhren. 

9. System nach einem der vorhergehenden AnsprQ- 
che, bei welchem die Verteileranordnung (3) am 
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Einsatzende des Adsorptionsbehaiters (1) mtt Par- 
tikeln gefultt ist, die dazu dienen, das Porenvolu- 
men darin wesentlich zu verringern. 

10. System nach Anspruch 9, bei welchem die Partikel 
konduktive Partikel aufweisen. 

11. Druckwechseladsorptionsverfahren zum Abtren- 
nen einer leichter adsorbierbaren Komponente 
eines Einsatzgasgemisches, welches die besagte 
Komponente und eine weniger leicht adsorbierbare 
Komponente enthait auf einer zyWischen Adsorpti- 
ons/Desorptions-Abfolge, bei dem: 

(a) das Einsatzgasgemisch bei einem oberen 
Adsorptionsdruck zu dem Einsatzende von 
mindestens einem Adsorptionsbehaiter (1) 
gelertet wird, der ein Bett (7) mrt Gleichge- 
wichts-Adsorptionsmiftel enthaft, das in der 
Lage ist, die leichter adsorbierbare Kompo- 
nente des Einsatzgasgemisches selektiv zu 
adsorbieren und das aus der aus Natrium X 
Zeoliten mit einem Siliziurmxki/Alurniniurnoxid- 
Verhaitnis von 2,0 bis 2,6, 5A-Zeolrten und 4A- 
Zeoltten bestehenden Gruppe ausgewahlt ist 
und eine Wasseraufnahme von weniger als 
etwa 25 g Wasser pro kg zeigt wobei dem 
Adsorptionsmittelbett keine extern berettge- 
stellte Katte zugefOhrt wird, wobei das Einsatz- 
gasgemisch durch eine Verteileranordnung am 
Einsatzende des Adsorptionsbehaiters (1) und 
durch einen Regeneratorabschnitt (4) gelertet 
wird, wobei das Adsorptionsmittelbett stromab 
von dem Regeneratorabschnitt angeordnet ist, 
wobei der Regeneratorabschnitt konduktive 
Etemente aufweist, die fur das Speichern der 
Katte in dem zurGckstrOmenden Strom wah- 
rend dem Desorptonsteil der in dem Adsorpti- 
onsmittelbett ausgefOhrten Adsorptions- 
/Desorptions-Verarbeitungsabfolge ausgelegt 
sind; wobei der Regeneratorabschnitt an dem 
Einsatzende des Adsorptionsbehaiters direkt 
stromab von der unteren Verteileranordnung 
(3) angeordnet ist; wobei der Adsorptionsbe- 
haiter an dessen Wdnden (1 A) mit einer Isola- 
tionsanordnung versehen ist, um den Verlust 
eines jeglichen nennenswerten Betrages an 
wahrend dem zyWischen Adsorptions/Desorp- 
tions-Betrieb des System erzeugter Eigenkuh- 
lung aufgrund des Eindringens von Warme von 
auBerhalb des Adsorptionsbehaiters durch 
dessen Wande zu dem Adsorptionsmittelbett 
oder zu dem Regeneratorabschnitt innerhalb 
des Behaiters zu verhindern; 

(b) die weniger leicht adsorbierbare Kompo- 
nente von der Verteileranordnung (8) an dem 
gegenOberliegenden Ende des Behaiters (1) 
bei dem oberen Adsorptionsdruck abgezogen 
wird; und 



(c) die leichter adsorbierbare Komponente des 
Einsatzgasgemisches von dem Einsatzende 
des Bettes (7) abgezogen wird, wobei die Ent- 
spannung des Bettes auf den niedrigeren Des- 
s orptionsdruck im Bereich von etwa 0,4 bis etwa 

1 ,2 bar (Atmospharen) erfolgt und das Verhatt- 
nis des oberen Adsorptionsdrucks zu dem 
niedrigeren Desorptionsdruck im Bereich von 
etwa 1,24/1 bis etwa 5,0/1 liegt 

w 

12. Verfahren nach Anspruch 1 1 , bei dem das Einsatz- 
gasgemisch durch einen innerhalb des Adsorpti- 
onsbehaiters (1) zwischen dem Regener- 
atorabschnitt (4) und dem Adsorptionsmittelbett (7) 

is angeordneten Trocknerabschnitt (5) gelettet wird, 
der ein Trocknungsmittel aufweist, das Wasser- 
dampf, Kohlendioxid und schwere Kohlenwasser- 
stoffe selektiv aus dem Einsatzgasgemisch 
adsorbieren kann, wobei der Bereich des Trockner- 

20 abschnittes in der Nahe des Adsorptionsmrttelbet- 
tes als ein zwerter Regeneratorabschnitt (6) dient. 

13. Verfahren nach Anspruch 1 1 oder 12, bei dem der 
niedrigere Desorptionsdruck zwischen etwa 0,4 

25 und etwa 0,7 bar (Atmospharen) liegt und das Ver- 
haitnis des oberen Adsorptionsdrucks zu dem nied- 
rigeren Desorptionsdruck im Bereich von etwa 
1,4/1 bis etwa 5,0/1 liegt. 

30 14. Verfahren nach Anspruch 13, bei dem das besagte 
Druckvertialtnis im Bereich von etwa 1 ,7/1 bis etwa 
3,0/1 liegt 

15. Verfahren nach Anspruch 1 1 oder 12, bei dem der 
35 niedrigere Desorptionsdruck zwischen etwa 1 und 

etwa 1,2 bar (Atmospharen) liegt und das Verhait- 
nis des oberen Adsorptionsdrucks zu dem niedrige- 
ren Desorptionsdruck im Bereich von etwa 1 ,25/1 
bis etwa 3,5/1 liegt. 

40 

16. Verfahren nach Anspruch 15, bei dem das besagte 
Druckverhaitnis im Bereich von etwa 1 ,4/1 bis etwa 
2,5/1 liegt 

45 17. Verfahren nach einem der AnsprQche 1 1 bis 16, bei 
dem die thermische Leitfahigkeit der Partikel des 
Regeneratorabschnrtts zwischen etwa 430 und 
etwa 0,85 W/m-K (etwa 250 und etwa 0,5 
BWF/nVftVhr) liegt. 

50 

18. Verfahren nach Anspruch 17, bei welchem die ther- 
mische Leitfahigkeit zwischen etwa 260 und etwa 
26 W/m • K (etwa 150 und etwa 15 BTU/°F/ftm*/hr) 
liegt. 

55 

19. Verfahren nach einem der AnsprQche 1 1 bis 18, bei 
welchem die Wasseraufnahme unter etwa 10 g 
Wasser pro kg liegt 



14 



27 



EP 0 537 597 B1 



28 



20. Verfahren nach einem der Anspruche 1 1 bis 19, bei 
welchem das Siliziumoxid/Aluminiumoxid-VerhaJt- 
nis urrter 2,4 liegt 

21 . Verfahren nach einem der Anspruche 1 1 bis 20, bet s 
welchem die Verteileranordnung am Einsatzende 
des Adsorptionsbehafters Partikel errthalt, die dazu 
dienen, das Porenvolumen darin merttich zu verrin- 
gem. 

JO 

22. Verfahren nach einem der AnsprOche 1 1 bis 21 . bei 
welchem das Einsatzgasgemisch Luft aufweist. 

23. Verfahren nach Anspruch 22, bei welchem die 
weniger feicht adsorbierbare Komponerrte, die von is 
dem gegenuberliegenden Ende des Bettes (7) 
gewonnen wind, Sauerstoff- und Argonproduktgas 
aufweist. 

24. Verfahren nach Anspruch 22, bei welchem die 20 
leichter adsorbierbare Komponerrte, die von dem 
Einsatzende des Bettes (7) gewonnen wird, Stick- 
stoffproduktgas aufweist. 

25. Verfahren nach einem der Anspruche 11 bis 21 , bei 25 
welchem das Einsatzgasgemisch Stickstoff als die 
leichter adsorbierbare Komponerrte und Helium als 

die weniger leicht adsorbierbare Komponerrte auf- 
weist. 

30 

26. Verfahren nach einem der AnsprOche 1 1 bis 21 , bei 
welchem das Einsatzgasgemisch Stickstoff als die 
leichter adsorbierbare Komponerrte und Wasser- 
stoff als die weniger leicht adsorbierbare Kbmpo- 
nente aufweist. 35 

27. Verfahren nach einem der AnsprOche 1 1 bis 21, bei 
welchem das Einsatzgasgemisch auf einer zykli- 
schen Basis zu zwei Oder mehreren Adsorptions- 
behaiter n (1 ) gelertet wird. 40 

Revendications 

1 . Systeme d'adsorption avec regeneration par varia- 
tion de pression pour la separation dun constituant, 45 
plus ais6ment adsorbable, dun melange gazeux de 
charge contenant ledtt constituant et un constituant 
moins aisement adsorbable, comportant : 

a) au moins un recipient (1 ) a adsorption conte- so 
nant un lit (7) de matiere adsorbarrte du type k 
equilibre capable d'adsorber s6lecrjvement le 
constituant plus aisement adsorbable dudit 
melange de charge, led'rt lit de matiere adsor- 
bante ne comportant pas de moyen pour lui ss 
fournir une refrigeration provenant de I f ext6- 
rieur ; 

b) un moyen a conduit (2) pour amener le 
melange gazeux de charge a rextremite de 



charge du recipient (1) k adsorption et pour en 
enlever le constituant plus aisement adsorba- 
ble torsqull est desorbe du lit (7) de matiere 
adsorbarrte; 

c) un moyen a conduit (9) pour soutirer le cons- 
tituant moins aisement adsorbable de rextre- 
mite opposee du recipient (1) ; 

d) des moyens distributeurs (3, 8) places a 
I'extremite de charge et a rextremite opposee 
du recipient (1 ) k adsorption, a proximrte imme- 
diate desdrts moyens k conduits (2, 9), ledrt lit 
d'adsorbant (7) etant positionne entre lesdrts 
moyens distributeurs ; 

e) une section (4) a regenerateur dans (edit 
recipient (1) a adsorption, ladrte section a reg6- 
nerateur comportant des elements conduc- 
teurs congus pour emmagasiner la 
refrigeration dans le courant de retour pendant 
la partie de d6sorption de la sequence de trai- 
tement a adsorption/desorption effectuee dans 
le lit (7) ; et 

f) des moyens isolants sur les parois (1A) du 
recipient (1) a adsorption, lesdits moyens iso- 
lants etant congus pour empecher la perte de 
toute quarrtite notable d'auto-refrigeration 
generee durarrt des operations periodiques 
d'adsoiption-desorption du systeme par llrrtro- 
duction de chaleur depuis I'exterieur du reci- 
pient a adsorption a travers les parois de celui- 
ci, jusqu'au lit (7) de matiere adsorbante ou 
jusqu'a la section (4) a regenerateur a linte- 
rieurdu recipient ; 

g) ledrt lit cf adsorbarrt (7) etant dispose en aval 
de fa section (4) a regenerateur ; 

caracterise en ce que 

h) ladrte section (4) a regenerateur est dispo- 
see a rextremite de charge dudit recipient (1) a 
adsorption immediatement en aval du moyen 
distributeur (3) de fond ; et 

i) ladrte matiere adsorbante est choisie dans le 
groupe constitue de zeolites de sodium X ayant 
des rapports silice/alumine de 2,0 a 2,6, de 
zeolites du type 5A et de zeolites du type 4A, et 
ayant une charge d'eau infeVieure a environ 25 
g d'eau par kg. 

Systeme selon la revendication 1 et comprenant 
une section (5) de deshydratation a ilnterieur dudit 
recipient (1) k adsorption et positionn6e entre ladrte 
section (4) a regenerateur et le lit (7) de matiere 
adsorbante, ladrte section de deshydratation com- 
portant une matiere deshydratante capable d'eMimi- 
ner la vapeur d'eau, le dioxyde de carbone et les 
hydrocarbures lourds du melange gazeux de 
charge, la partie de ladite section de deshydratation 
au voisinage dudit lit de matiere adsorbarrte servant 
de seconde section (6) de regeneration. 
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3. Systems selon la revendication 1 ou 2, dans lequet 
ledrt rapport silice/alumine est inferieur a 2,4. 

4. Systeme selon la revendication 1, dans lequel 
ladrte section (4) a regen^rateur comprend des par- s 
ticules metafliques. 

5. Systeme selon la revendication 1, dans lequel 
ladite section (4) a regenerates comprend des par- 
ticules ou des elements ayant une conductivity 10 
thermique comprise dans la plage d'environ 430 a 
environ 0,85 W/m.K (environ 250 a environ 0,5 
BTUAF/ft/f^/h). 

6. Systeme selon la revendication 5, dans lequel 15 
ladrte conductivity thermique est d'environ 260 a 
environ 26 W/m.K (environ 150 a environ 15 
BTUAF/ftm 2 /!!). 

7. Systeme selon Tune quelconque des revendica- 20 
tions prec^dentes, dans lequel ladite charge d'eau 

est inferieure a environ 10 g d'eau par kg. 

8. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel (edit systeme com- 25 
porte deux ou plus de deux recipients (1) a 
adsorption contenant ledit lit (7) de matiere adsor- 
bartte, ledit moyen a conduit (2) pour amener le 
melange gazeux de charge au systeme et pour en 
enlever le constituant plus aisement adsorbable, et 30 
ledit moyen a conduit (9) pour soutirer du systeme 

le constituant moins aisement adsorbable etant 
con$us pour permettre a la sequence d'adsorption 
avec regeneration par variation de pression en 
adsorption/desorption d'etre executee sur une base 35 
periodique dans chaque fit. 

9. Systeme selon Tune quelconque des revendica- 
tions precedentes, dans lequel le moyen (3) a distri- 
buteur situ6 a rextremite de charge du recipient (1) 40 
a adsorption est rempii de particules servant a 
diminuer notablement I'espace vide qull renferme. 

10. Systeme selon la revendication 9, dans lequel les- 
dites particules comprennent des particules con- 45 
ductrices. 

11. Procede d'adsorption avec regeneration par varia- 
tion de pression pour la separation d un constituant 
plus aisement adsorbable d un melange gazeux de so 
charge contenant ledit constituant et un constituant 
moins aisement adsorbable dans une sequence 
periodique d'adsorption-desorption, comprenant : 

(a) I'amenee dudit melange gazeux de charge ss 
a I'extremite de charge d'au moins un recipient 
(1) a adsorption contenant un lit (7) de matiere 
adsorbante du type a equilibre a une pression 
superieure d'adsorption, ladite matiere adsor- 



bante etant capable d'adsorber seiectivement 
le constituant plus aisement adsorbable dudit 
melange gazeux de charge, ladite matiere 
adsorbante etant choisie dans le groupe cons- 
titue de zeolites de sodium X ayant des rap- 
ports silice/alumine de 2,0 a 2,6, de zeolites du 
type 5A et de zeolites du type 4A, ladite 
matiere adsorbante ayant une charge d'eau 
inferieure a environ 25 g d'eau par kg, aucune 
refrigeration d'origine exterieure n'etant foumie 
au lit de matiere adsorbante, ledit melange 
gazeux de charge passant a travers un moyen 
a distributeur (3) a rextremite de charge dudit 
recipient a adsorption et une section (4) a r6g6- 
nerateur, ledit lit de matiere adsorbante etant 
place en aval de ladite section a regenerates, 
ladite section a regenerates comportant des 
elements conducteurs con$us pour emmagani- 
ser la refrigeration dans le courant de retour 
pendant la partie de desorption de la sequence 
de trartement adsorption/desorption executee 
dans ledit lit de matiere adsorbante, ladite sec- 
tion a regenerates etant disposee a rextremite 
de charge du recipient a adsorption immediate- 
mertt en aval du moyen a distributeur (3) de 
fond, (edit recipient a adsorption ayant des 
moyens isolants sur ses parois (1A) pour 
empecher la perte de toute quantite notable 
d'auto-refrigeration generee pendant un traite- 
ment periodique dadsorption/desorption par 
('introduction de chaleur depuis I'exteneur du 
recipient a adsorption a travers ses parois 
jusqu'au lit de matiere adsorbante ou jusqu'a la 
section a regenerates qull renferme ; 

(b) le soutirage du constituant moins aisement 
adsorbable du moyen a distributeur (8) a 
Textremite opposee du recipient (1) a la pres- 
sion superieure d'adsorption ; et 

(c) I'enievement du constituant plus aisement 
adsorbable du melange gazeux de charge de 
rextremite de charge du lit (7) avec une baisse 
de pression du lit jusqu'a la pression inferieure 
de desorption dans la plage d'environ 0,4 a 
environ 1 ,2 bar (atmospheres), le rapport pres- 
sion superieure d'adsorption/pression infe- 
rieure de desorption etant compris dans la 
plage d'environ 1,24/1 a environ 5,0/1. 

12. Procede selon la revendication 11, comprenant le 
passage dudit melange gazeux de charge dans 
une section de deshydratation placee a linterieur 
du recipient (1) a adsorption entre ladite section (4) 
de regeneration et le lit (7) de matiere adsorbante, 
ladite section de deshydratation comprenant une 
matiere deshydratante capable d'adsorber seiecti- 
vement la vapeur d'eau, le dioxyde de carbone et 
des hydrocarbures lourds a partir du melange 
gazeux de charge, la partie de la section de deshy- 
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dratation au voisinage du lit de matiere adsorbante 
servant de seconde section a regenerates (6). 

13. Procede selon la revendication 11 ou 12, dans 
lequel ladrte pression inferieure de desorption est 
d'environ 0,4 a environ 0,7 bar (atmospheres) et 
ledrt rapport pression superieure cf adsorption/|pres- 
sion inferieure de desorption est cf environ 1,4/1 a 
environ 5,0/1. 

14. Procede seion la revendication 13, dans lequel (edit 
rapport de pressions est d'environ 1 ,7/1 a environ 
3,0/1. 

15. Procede selon la revendication 11 ou 12, dans 
tequel la pression inferieure de desorption est 
d'environ 1 a environ 1,2 bar (atmospheres) et ledrt 
rapport pression superieure d'adsorption^ression 
inferieure de desorption est d'environ 1 ,25/1 a envi- 
ron 3,5/1; 

16. Procede selon la revendication 15, dans lequel ledrt 
rapport de pressions est d'environ 1 ,4/1 a environ 
2,5/1. 

17. Procede selon i'une quelconque des revendications 
11 a 16, dans lequel lad'rte conductivite thermique 
des particules de la section de regeneration est 
d'environ 430 a environ 0,85 W/m.K (environ 250 a 
environ 0,5 BTU^F/nTfrVh). 



24. Procede selon la revendication 22, dans lequel le 
constituarrt plus aisement adsorbable recueilli a 
partir de I'extremite de charge du lit (7) comprend 
un produit gazeux constitue d'azote. 

5 

25. Precede selon Tune quelconque des revendications 
11 a 21, dans lequel le melange gazeux de charge 
comprend de I'azote en tant que constituarrt plus 
aisement adsorbable et de I'heiium en tant que 

ro constituant moins aisement adsorbable. 

26. Procede selon Tune quelconque des revendications 
11 a 21, dans lequel le melange gazeux de charge 
comprend de I'azote en tant que constituant plus 

is aisement adsorbable et de I'hydrogene en tant que 
constituant moins aisement adsorbable. 

27. Procede selon I'une quelconque des revendications 
11 a 21, dans lequel on fait passer, sur une base 

20 periodique, ledrt melange gazeux de charge dans 
deux ou plus de deux recipients (1) a adsorption. 
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18. Procede selon la revendication 17, dans lequel 
lad'rte conductivite thermique est d'environ 260 a 
environ 26 W/m.K (environ 150 a environ 15 
BTU^F/ft/frVh). 35 

1 9. Precede selon Tune quelconque des revendications 
11 a 18, dans lequel ladrte charge d'eau est infe- 
rieure a environ 10 g d'eau par kg. 

40 

20. Procede selon i'une quelconque des revendications 
1 1 a 19, dans lequel ledrt rapport silice/afumine est 
inferieura2,4. 



21 . Procede selon I'une quelconque des revendications 45 
1 1 a 20, dans lequel le moyen a distributee a 
i'extremite de charge du recipient a adsorption con- 
tient des particules servant a diminuer notablement 
I'espace vide quit rent erme. 

50 

22. Proced6 selon I'une quelconque des revendications 
1 1 a 21, dans lequel le melange gazeux de charge 
comprend de I'air. 

23. Precede selon la revendication 22, dans lequel le ss 
constituant moins aisement adsorbable recueilli a 
partir de lad'rte extrem'rte opposee du lit (7) com- 
prend des produits gazeux constitues d'oxygene et 
d'argon. 
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